Traditional electronic vehicle models neglect the spatial movement of the EVs, which consequently, reduces the accuracy of the distribution network reliability calculation. This paper analyzes the travel rules of private passenger cars in cities, by selecting the key indicators, to establish a time-series EV travel probability model. Meanwhile, the charging and discharging model of the electric vehicle is established by analyzing the charge and discharge constraints of the electric vehicle models. Moreover, the Monte Carlo simulation was used to generate faults. The post-fault analysis method of the distribution network was applied to the improved distribution network model, and the effect of EV on the reliability of the distribution network was analyzed using the particle swarm algorithm. It is concluded that the EV travel probability model can better simulate the EV travel patterns in real life; applying V2G technology in the distribution network can increase the reliability of the micro grid with DG.
Introduction
The development of renewable energy technologies has stimulated the application of wind power generation. However, due to the wind power generation has several disadvantages, how to effectively combine this kind of distributed power generation with the distribution networks become the one of challenges for achieving Smart Grids [1] . With the development of the technology of energy storage, the combined system of energy storage, wind and photovoltaic power generation is an effective approach to solve the grid-connected problem of renewable energy. The literature [2, 3] established the energy storage operation models in which the state of charge (SOC) of the energy storage is a continuous variable, and then the Monte Carlo simulation (MCS) is used to evaluate the reliability of the system. Although it takes the time-serial and uncertainty of energy storage in to account, the simulation takes too long and does not guarantee convergence.
Since the disadvantages of the traditional energy storage equipment including the high price and fixed position, it is possible to adopt a rapidly developing electric vehicle (EV) as an energy storage unit in recent years. The literature [4] established an electric vehicle travel model based on the statistical data of the fuel vehicle and the probability distribution of charging start time and charging duration. Based on the charging and discharging curve, daily load, and distributed generation output of the electric vehicle in the distribution network, the reliability of the distribution system is analyzed. The EV can transfer the load in time and space through charge and discharge operations at two different load points. The EV charging and discharging positions in the above documents are all regular, and none of them considers the randomness of EV driving. This paper establishes a EV travel probability model considering various factors. Furthermore, this paper analyzes the status of the EV battery at the load point in the isolated network after the fault of the distribution network, the distance of the next planned trip and the DG supply output status. Moreover, a simulation experiment is conducted in the improved IEEE-RBTS BUS6 test system.
Models of Electronic Vehicle

The Travel Patterns of EV
EV is a replacement of the traditional fuel vehicle (FV). So, the EV should have the same travel patterns with FV. Due to the different travel purposes on workday and weekends, we divide the driving characteristics of EVs into working day and the weekend. Based on the data that has been mastered and the study of the literature [5] , the probability density of the daily vehicle kilometer travelled (DVKT)for private passenger vehicles on weekdays and weekends can be fitted using Gamma curve. In the workday: α=1.2022 and λ=0.03831; in the weekend α=1.2519 and λ=0.03199.
From the statistical analysis of car travel time. Based on the statistical data which is divided into the unit of one hour, the probability of the workday and the weekends is shown in Figure 1 . After analyzing the private vehicle trip distance and time, the frequency of daily trips must also be analyzed. The frequency of daily trips refers to the number of trips the car travels in one day. This paper stipulates that the parking interval is less than half hour trips are recorded as one trip. The frequency of daily trips on workdays and weekends is shown in Figure 2 .
The Travel Probability Model of EV
Based on the obtained statistics of EV travel patterns, the probability model of EV travel can be established. EV is assigned with number of daily trips based on the probability shown in Figure 2 . As an example, the travel process of an EV with three daily trips is shown in Figure 3 Parking Travel1
Parking Travel2
Terminal Travel3 Origin Figure 3 . Travel process.
The dark block indicates that the EV is in the parking state, can conduct both charging and discharging operations. The light color block represents the EV is in the traveling state. Both the origin and terminal are same the location. Parking points are generated randomly and designed that the two adjacent stops are different. Every origin time is assigned based on equation (1).
where:
is the i-th trip time; N is the total number of trips today, is the passenger car sunrise time probability; λ is the average random number of the corresponding interval.
The total daily distance S of the EV follows the fitted DVKT probability function. The trip distance S i of the i-th (1≤i<N-1) trip follows a Gaussian distribution of N (S/N, 0.01), and N-th trip distance
, N is the total number of daily trips. This paper assumes that the EV average speed is 23 km/h, which is corresponded with [5] . Based on the O i and S i , the arrival time of EV at the i-th trip can be obtained:
= + /23.
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The State of Charge Model of EV
The state of charge (SOC) of the battery is the ratio of the remaining capacity of the battery divides the capacity of its fully charged state, which represents the capacity of the battery to charge and discharge energy. The relationship between the SOC of the EV battery and the mileage S can be expressed as: +1 = − / , where, Ci is the i-th SOC, Si is the i-th travel distance, and L is the recharge mileage after the EV is fully charged. The battery of EV is mainly lithium battery. Therefore, in this paper, the study is mainly focusing on charging and discharging characteristics of lithium battery. The actual charging curve of different batteries is distinct, but the trend is similar. Because the constant voltage charge phase of lithium battery is very short, accounting for about 1% of the entire charge time. Considering the symmetry of charge and discharge, the majority of current studies consider the charge and discharge power is approximately constant. If the self-discharge rate of the battery is neglected for a period of time, under the premise of constant charge and discharge power, the relationship between the SOC of the battery and the charge/discharge power can be determined as: = −1 ± ℎ/ ℎ / , where P ch is the charging power, P dch is the discharging power, T is the charging and discharging time, and E is the capacity when the EV is fully charged.
Since the EVs should also consider the next trip, the next trip plan will affect the charge and discharge capacity of the EVs during they are standstill. Therefore, the C i state of the EV will affect the charge and discharge power during the standstill. For a charging vehicle, it is necessary to meet its minimum charging power ℎ.
to ensure its next trip. Meanwhile, the maximum charging power ℎ.
is limited by the rated charging power and the maximum SOC of the EV. To prevent the battery life of EV is shortened caused by overcharging and overdischarging, in this paper the SOC is limited between 0.1 and 0.9. For discharge vehicles, the minimum discharge power ℎ.
is 0, and the maximum discharge power ℎ.
is limited by the next trip. The charging and discharging power limit of the EV can be expressed by Equation (2) 
Where, is the EV battery rated capacity; T is charge and discharge time; is EV maximum SOC and the value is 0.9; S i is the next planned travel distance; L is the maximum recharge mileage of the EV full charge state;
is the EV emergency SOC, which is flexible according to the specific charge and discharge strategy; P chN and P dchN are the rated charging and discharging power of the EV.
The Reliability Algorithm of the Distribution Network with Micro Grid
Post-fault Analysis of Distribution Network
After a fault occurred in a distribution network system with micro grid, the micro grids in the faulty downstream and faulty areas of have a certain probability to switch from the grid-connected mode to the islanding mode [6] . In this mode, the distributed generation (DG) and the quantity and SOC of EVs have become the key to whether the load is blackout.
Assuming that the fault occurs at time t, and during the time-to-repair (TTR) the micro grid in the distribution network is in an orphaned-network operation state. In order to simplify the analysis, this paper divides the TTR by hours. Since the the number of EVs that standstill at the load point in every hour, the SOC of EVs and the output of the distributed generation supply are variational, the post-failure analysis is performed hourly and hourly.
First, the EV quantity and SOC status at each load point in the micro grid should be determined. The EV total available power EV P EV , which can be calculated as:
= ∑ 1 , where P n is the n-th EV output power in the micro grid, the discharge is positive, and the charge is negative, subject to the formula; N is the total number of EVs participating in charge and discharge at all load points in the micro grid.
After determining the charge/discharge limit of each EV in the micro grid, the particle swarm algorithm is used. The output power of each EV is a set of particles to calculate within the fault time whether the distributed generation output and EV discharge power can balance the basic load within the micro grid. If it can be balanced, the micro-grid can operate on an isolated grid. Otherwise, the micro-grid cannot operate on an isolated grid. In this paper, the evaluation of power state balance ignores the impact of system unit and EV battery's climbing response capability.
The Reliability Algorithm of the Distribution Network with Micro Grid Considering Spatial Load
In the evaluation of system reliability, the system is mainly divided into two states, fault and non-failure. In the non-fault state, the EV is charged and discharged according to the stated mode. In the fault state, the fault condition mode analysis method (Failure-Mode-and-Effect-Analysis FMEA) is used to judge the operation status of the load point in the distribution network. The non-faulty area the EV is charged and discharged normally, the power outage parameters of EVs in the micro grid is able to operate as isolate grid can be calculated according to the analysis of the effect of the isolated network described in Section 3-1. The Power outage areas that are not able to operate as isolated grid are directly based on the failure time to calculate their reliability-related indicators. Based on this, the reliability calculation method for a power distribution system with micro grid considering spatial load is as follows: a) Initialization, set the simulation period, establish the FMEA table (to query the load point operation corresponding to each component fault), and generate the EV travel probability model during the simulation period. Use Monte Carlo simulation to generate a system fault sequence, set the simulation clock t = 1. b) Modify the SOC of the EV according to the EV charge and discharge model and the EV travel probability model; Determine whether the system is faulty at time t. If not, skip to step d).
c) The clock is incremented by one unit to check whether the simulation period is met or not. The jump to f) if it is satisfied; otherwise, the jump is made to b). d) According to the FMEA table, to find the corresponding island operation micro-grid and fault load point. In the T time units of the power outage, analyzes the silo micro-grid with the islanding effect, and calculate the power outage time, fault load and other indicators. e) Advancing T time units to determine whether the simulation period is met or jump to b). f) Calculate the reliability index of all load points.
Case Study and Analysis The Distribution Network Model
This paper applies the modified IEEE-RBTS BUS6 F4 test system [7] . There are three micro grids that can operate on isolated grids in a distribution network system. Each micro grid contains a wind farm with a capacity of 2MW. Wind speed data and output size calculations are described in the literature [8] .
In the original IEEE-RBTS BUS6 system, although the load points were classified, the daily load curve of different types of load points was exactly the same. In traditional urban loads, there are usually three types of load: residents, office, and business. Figure 4 is the ratio of the hourly load to the peak load measured for the three types of load in one specific location. It can be seen that there are major differences in the daily variation curves of the three different types of loads. In order to construct the distribution system model more rationally, this paper, each load point will be assigned with the types of load according to Table 1 in the simulation system. The 8760 load hour of the load point is calculated based on the load day data and the weekly load data in the literature [9] .
According to the reliability parameters of the components in the distribution network, based on Monte Carlo simulation sampling, the fault conditions in the simulation are randomly generated, including time to failures (TTF) and time to repair (TTR). The reliability indicators of the equipment in the literature [9] . The number of EVs in the distribution network is 0.5 times the total number of households, which is 584 EVs. Every day EV starts from the corresponding residential area, and the EV travel plan is established according to the EV travel probability model described in Chapter 2 and is daily updated. When the average daily trip distance is greater than 30 kilometers on that day, it is determined that the intermediate stop of EV is outside the distribution network and does not participate in the post-disaster analysis of the distribution network. The initial SOC of the simulation is 0.5 and EV emergency SOC known as is 0.2. The BYD E6 is selected as the EVs. The maximum recharge mileage L is 300km, and the battery capacity is E is 57kw.h. Assuming its rated charge and discharge power P ch/dchN = 11.4kw. When the distribution network is in a non-fault state, if SOC is less than 0.5, charging is performed at the rated charging power. When SOC is greater than 0.5, charge at 0.5 times of the rated power.
The simulation time for the case is 100 years. To verify the impact of spatial load on distribution network reliability, the three following scenarios are designed: a) There is no EVs and DG in the distribution network. b) The distribution network contains DG but without EVs. c) Distribution network contains DG s and EVs with space loads.
Simulation Result
Through 100 years of reliability simulation calculations, the distribution network system reliability indicators are shown in Table 2 . From the table it can be seen that the SAIDI of scenario b) less 19.6% than scenario a), and the EENS decreased by 10.406 MWh, but SAIFI increased. This means the access of DG reduces the system average interruption duration and the load loss. However, due to the intermittent nature of DG, the system average interruption frequency increases. In scenario c), the reliability of the system is higher than that of scenario a) and scenario b). Hence, the EV can be used as a space mobile energy storage device to store the load in the power grid. When the system fails, it can guarantee output the load and the generation plan will not be disturbed to improve the power supply to the isolated network. The reliability indicators are shown in Table 3 , by selecting one load point from each of the three micro grids.
Compared with the improvement of system reliability, the improvement of micro grid reliability is more obvious after the addition of EV to the distribution network, further demonstrating that the application of Vehicle to Grid (V2G) technology will improve the reliability of traditional micro grids that only contain DG.
Conclusion
This paper begins with an analysis of the pattern of private vehicle travel, combines the establishment of the EV travel probability model. Moreover, based on the improved IEEE-RBTS BUS6 system, studies the impact of EV with spatial load on the distribution network after faults, and concludes that after simply accessing DG, some of the reliability of the system has been reduced, but through the V2G technology, the interaction between EV and the grid is realized. Meanwhile, the reliability of the micro grid with DG is improved, and its reliability is higher than that of the traditional distribution network.
